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(57)Abstract 

PURPOSE: To improve laser characteristics such as current-light output 
characteristics by forming p-type nSe layer on ZnS layer and selectively 
etching p-type ZnSe layer by using ZnS layer for the etching stop layer. 
CONSTITUTION: P-type InGaAs layer 2, p-type InGaAlP layer 3 t and p- 
type ZnSe layer 4 are successively grown on a p-type substrate 1. Then, 
an active layer 5 is formed on the p-type ZnSe layer 4. Then, n-type ZnSe 
layer 6 t ZnS layer 7, and p-type ZnSe layer 8 are successively grown on 
the active layer 5. After that for example, an Si02 pattern is formed on 
the p-type ZnSe layer 8 and the ZnSe layer 8 is etched with the Si02 
pattern as a mask. At this time, since the etching speed of the ZnS layer 7 
is fully slower than that of the ZnSe layer 8, the ZnSe layer 8 is 
selectively etched, thus improving the laser characteristics of the 
current-light output characteristics, etc. 



8-^ 





^7 

5 

"As: 

3 

2 

:i 



** J *^* '* 3 3* 3 **** ** » 



II 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.inpit.gojp/PA1 /result/detail/main/wAAA9caiYvDA407202346P1 .htm 2007/05/1 7 



JP,07-202346,A [CLAIMS] 



1/1 ^— v 





* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms Cdw Znx Mg1-w-x Sy1Se1-y1 layer (0<=w<=1. 0<=x<=1, 0 <=(w+x) <=1 t 0 <=y1 <=1) on 
a substrate, On this Cdw Znx Mg1-w-x Sy1Se1-y one layer The process which forms Cds Znt Mg1-s-t Sy2Seu Te1-y2-u 
layer (0<=s<=1, 0<=t<=1, 0 <=(second+t) <=1, 0 <=y2 <=y1 t 0<=u<=1, 0 <=(y2+u) <=1), said Cdw Znx Mg1-w-x Sy1Se1-y1 
layer — as an etching stop layer — using — said Cds Znt Mg1-s~t Sy2Seu Tel-y — the manufacture approach of the 
semiconductor device characterized by coming to have the process which etches 2-u layers alternatively. 
[Claim 2] It prepares on a substrate. **** Cdw Znx Mg1-w-x Sy1Se1-y1 layer (0<=w<=1. 0<=x<=1, 0 <=(w+x) <=1, 0 <=y1 
<=1), It is prepared on this Cdw Znx Mg1-w-x Sy1Se1-y one layer. It has opening of the shape of a stripe which forms a 
current path. The semiconductor device characterized by coming to provide the current constriction layer which consists 
of Cds Znt Mg1-s-t Sy2Seu Te1-y2-u (0<=s<=1, 0<=t<=1. 0 <=(second+t) <=1, 0 <=y2 <=y1, 0<=u<=1. 0 <=(y2+u) <=1). 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related with amelioration of semiconductor devices, such as semiconductor laser equipment 

using this invention and an II— VI group compound semiconductor, and the manufacture approach of those 

[0002] 

[Description of the Prior Art] Extensive forbidden-band width of face including ZnSe and ZnS Since an II-VI group 
compound semiconductor has the band structure of the direct transition mold to an ultraviolet area from visible short 
wavelength, the semiconductor laser equipment using this kind of semi-conductor is expected as an optical new device in 
a short wavelength field. Especially, in the field of optical information processing, in order that reduction of the diameter of 
a spot accompanying short-wavelength-izing may bring about fast increase of storage capacity, it has a great hope. 
[0003] By the way, the conventional extensive forbidden-band width of face As semiconductor laser equipment using an 
II-VI group compound semiconductor, the gain guided wave mold of stripe electrode structure is proposed. This is the 
laser of the type which light is amplified along the high place of the gain of the stripe electrode lower part, and results in 
an oscillation. 

[0004] However, if it was in the semiconductor laser of the conventional stripe electrode structure, there were the 
following problems. That is, breadth and injection efficiency fell [ the current poured into the stripe electrode ] to fields 
other than the lower part of this stripe electrode, and there was a problem that laser properties, such as a current-light 
strength property, deteriorated. 

[0005] It is the extensive forbidden-band width of face which such a problem produces. It is because the structure which 
can shut up the current which a mask ingredient required to carry out selective etching did not find an II-VI group 
compound semiconductor, but poured it into the stripe electrode two-dimensional cannot be created 
[0006] 

[Problem(s) to be Solved by the Invention] Like ****, it is the former. If it is in the semiconductor laser equipment of an 
II-VI group compound semiconductor system, it is extensive forbidden-band width of face. A mask ingredient required to 
carry out selective etching of the n-VI group compound semiconductor is not found, and the structure which can shut up 
the current poured into the stripe electrode two-dimensional cannot be created, but a laser property is good. It was 
difficult to obtain the semiconductor laser equipment of an II-VI group compound semiconductor system. 
[0007] The place which this invention was made in consideration of the above-mentioned situation, and is made into that 
purpose is extensive forbidden-band width of face. It is in offering the new semiconductor device manufactured using the 
manufacture approach of the semiconductor device which can carry out selective etching of the II-VI group compound 
semiconductor, and this manufacture approach. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the manufacture approach (claim 1) of 
the semiconductor device of this invention The process which forms Cdw Znx Mg1-w-x Sy1Se1-y1 layer (0<=w<=1 , 
0<=x<=1, 0 <=(w+x) <=1, 0 <=y1 <=1) on a substrate. On this Cdw Znx Mg1-w-x Sy1Se1-y one layer The process which 
forms Cds Znt Mg1-s-t Sy2Seu Te1-y2-u layer (0<=s<=1, 0<=t<=1, 0 <=(second+t) <=1, 0 <=y2 <=y1, 0<=u<=1, 0 <=(y2+u) 
<=1), said Cdw Znx Mg1-w-x Sy1Se1-y1 layer — as an etching stop layer — using — said Cds Znt Mg1-s-t Sy2Seu Tel- 
y — it is characterized by having the process which etches 2-u layers alternatively. 

[0009] The semiconductor device (claim 2) of this invention is formed on a substrate. Moreover, **** Cdw Znx Mg1 -w-x 
Sy1Se1-y1 layer (0<=w<=1. 0<=x<=1, 0 <=(w+x) <=1, 0 <=y1 <=1), It is prepared on this Cdw Znx Mg1-w-x Sy1Se1-y one 
layer. It has opening of the shape of a stripe which forms a current path. It is characterized by having the current 
constriction layer which consists of Cds Znt Mg1-s-t Sy2Seu Te1-y2-u (0<=s<=1, 0<=t<=1, 0 <=(second+t) <=1 0 <=v2 
<=y1. 0<=u<=1, 0 <=(y2+u) <=1). 

[0010] moreover, the above-mentioned presentation ratio — it is desirable that it is y2 <=y1-0.2. 

[001 1] moreover, the above if a dopant is carried out for changing the conductivity type of an II-VI group semi-conductor 
and p mold dopant is carried out — I group or V group element — if n mold dopant is carried out An HI group or VII It is 
desirable to use a group element 
[0012] 

[Function] According to this invention person's etc. research, a Cdw Znx Mgl-w-x Sy1Se1-y1 layer (0<=w<=1, 0<=x<=1, 0 
<=(w+x) <=1, 0 <=y1 <=1) etch rate The thing later (in the case [ Especially y2<= y1 ] of -0.2) enough than a Cds Znt Mg1- 
s-t Sy2SeuTe1-y2-u layer (0<=s<=1, 0<=t<=1, 0 <=(second+t) <=1, 0 <=y2 <=y1) etch rate was understood. 
[0013] For this reason, like this invention (claim 1), if Cdw Znx Mg1-w-x Sy1Se1-y1 layer is used as a Cds Znt Mg1-s-t 
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Sy2SeuTe1 -y2-u layer substrate In case Cds Znt Mgl-s-t Sy2Seu Te1-y2-u layer is etched, it can prevent that the layer 
below CdwZnx Mg1-w-x Sy1Se1-y1 layer is etched. 

[0014] therefore, Cds Znt Mg1-s-t Sy2SeuTe1-y which is an n— VI group compound semiconductor — 2-u layers can be 
alternatively etched now, and it was not obtained conventionally The semiconductor device of an 0— VI group compound 
semiconductor system, for example, the semiconductor device of claims 2 and 3, can be formed now. 
[0015] That is, since the current constriction layer which consists of Cds Znt Mg1-s-t Sy2Seu Te1-y2-u is prepared on 
the substrate according to this invention (claim 2), if this current constriction layer is applied to laser, an inrush current 
can be shut up now two-dimensional and semiconductor laser equipment excellent in laser properties, such as a current- 
optical output property, will be obtained, for example. 
[0016] 

[Example] Hereafter, an example is explained, referring to a drawing. 

[0017] Drawing X is the sectional view showing the outline configuration of the semiconductor laser equipment concerning 
the 1st example of this invention. 

[0018] If this is explained according to a production process, first, it will have consistency on the p mold GaAs substrate 1 
at the grid parameter of ZnSe, and the thick p mold InGaAs layer 2 for reducing distortion will be grown up. 
[0019] Next, on this p mold InGaAs layer 2, lattice matching is carried out to ZnSe and the p mold InGaAlP layer 3 for 
reducing band offset is grown up. 

[0020] These The p mold InGaAs layer 2 and the p mold InGaAlP layer 3 which are a group HI— V semiconducter were 
separately grown up with MOVPE equipment and carried out heat clarification further using MBE equipment. 
[0021] Next, on the p mold InGaAlP layer 3, the p mold ZnSe layer 4 by which nitrogen with a thickness of 2 micrometers 
was doped is grown up. Moreover, using a PURAZUMADO-ping technique, this p mold ZnSe layer 4 is formed so that 
electron hole concentration may be set to 8x101 7cm-3. 

[0022] Next, a barrier layer 5 is formed on this p mold ZnSe layer 4. This barrier layer 5 has quantum well structure which 
consists of a ZnSe barrier layer of two 7nm thickness, and a Cd0.2 Zn0.6 Se well layer of one 5nm thickness. 
[0023] Sequential growth of the n mold ZnSe layer 6 by which CI with a thickness of 0.15 micrometers was doped on this 
barrier layer 5, the ZnS layer 7 with a thickness of 2nm, and the p mold ZnSe layer 8 by which nitrogen with a thickness of 
500nm was doped is carried out. 

[0024] Next, after taking out from growth equipment, it is divided about 7-micrometer gap on the p mold ZnSe layer 8 t and 
it is Si02 of a strip configuration with a die length of 300 micrometers. A pattern (un-illustrating) is formed. Si02 A SiN 
pattern may be used instead of a pattern, in short — insulation — having — a back process — what is necessary is just 
to be able to remove easily 

[0025] Next, this Si02 It is NH4 OH and H2, using a pattern as a mask. The ZnSe layer 8 is etched using the etching 
solution which consists of H2 O. An etching configuration is changing NH4 OH concentration, that is, can perform etching 
with a high one [ where concentration is lower ] anisotropy. 

[0026] At this time, since the etch rate of the ZnS layer 7 is slower enough than that of the ZnSe layer 8, the ZnSe layer 
8 is etched alternatively. 

[0027] Here, a 10nm CdZnS layer may be used instead of the 2nm ZnS layer 7. The CdZnS layer was thickened for 
reducing distortion. Moreover, lOnm ZnS0.3 Se0.7 It turned out that a layer also turns into an etching stop layer. In this 
case, unlike the CdZnS layer, big conduction band offset was not produced to the ZnSe layer 8, and problems, such as 
electronic capture and recombination of an electron and a superfluous electron hole, did not arise. 

[0028] Next. Si02 After removing a pattern, it introduces into an MBE chamber and the n mold ZnSe layer 9 in which CI 
with a thickness of 2 micrometers was doped by the whole surface is grown up. 

[0029] Finally, after taking out from an MBE chamber, the Au-Ti alloy electrodes 10 and 1 1 are formed, respectively in the 
n mold ZnSe layer 9 and the p mold GaAs substrate 1, and it completes to them. 

[0030] Drawing 2 is conventional semiconductor laser equipment and if this is explained according to a production 
process, it will form a barrier layer 5 from the p mold GaAs substrate 1 similarly [ this example ] first. 
[0031] Next, on a barrier layer 5, the n mold ZnSe cladding layer 9 with a thickness of 2 micrometers is grown up within 
MBE equipment. 

[0032] Next, after taking out from MBE equipment, the Au-Ti alloy electrode 11 is formed in the p mold GaAs substrate 1. 
and the Au-Ti alloy electrode 12 of the shape of a stripe with a width of face of 30 micrometers is formed on the n mold 
ZnSe layer 9. 

[0033] Drawing 3 is drawing showing the current-light strength property in the laser actuation in 77K of drawing 1 and the 
semiconductor laser equipment of drawing 2 . 

[0034] This drawing 3 shows that the current-light strength property of this invention is better than conventional it 
[0035] This is because the current poured in from the Au-Ti alloy electrode 12 is spread crosswise [ of a stripe ] to in the 
case of the semiconductor laser equipment (this invention) of drawing 1 current constriction structure being formed of the 
ZnSe layer 8 and the n mold ZnSe layer 9, and being able to shut up a current two-dimensional in the case of the 
semiconductor laser equipment (former) of drawing 2 . 

[0036] Furthermore, the life had been found for a long time also farther than that of the former [ direction / of the 
semiconductor laser equipment of this example ]. 

[0037] In the above-mentioned example, although the ZnSe layer was used as the barrier layer and the semi-conductor 
layers 4, 6, and 8 of a barrier layer 5 instead, when using ZnSO.06SeO.94 by which the impurity was doped appropriately, it 
turned out that the laser of short wavelength is obtained a little. 

[0038] In this case, it is ZnS0.3 Se0.7 with a thickness of 10nm instead of the ZnS layer 7 with a thickness [ as an etching 
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stop layer ] of 2nm. It was used. If luminescence wavelength is removed also with such semiconductor laser equipment 
th e same effectiveness as it of the above— mentioned example will be acquired. 

[0039] Drawing 4 is the sectional view showing the outline configuration of the semiconductor laser equipment concerning 
the 2nd example of this invention. In the following drawings, the same sign as the above-mentioned drawing shows the 
same part or a considerable part, and detailed explanation is omitted. 

[0040] When this is explained according to a production process, first on the p mold GaAs substrate 15 To the degree to 
which sequential epitaxial growth of the p mold GaAs layer 16 and the p mold InGaAIP hetero barrier reduction layer 17 
which carries out lattice matching to GaAs is carried out It moves to an II— VI group growth chamber. Then, the thin p mold 
ZnSe layer 18 with a thickness [ as 2nd hetero barrier reduction layer ] of 0.1 micrometers and p mold Zn0.85Mg0.15S0.3 
Se0.7 with a thickness of 2 micrometers which carries out lattice matching to GaAs Sequential growth of the layer 19 is 
carried out. 

[0041] Next, this p mold Zn0.85Mg0.15S0.3 Se0.7 After forming 20 on a layer 19 0.94 layers of ZnS0.06Se with a thickness 
[ as a p mold lightguide layer ] of 1 micrometer, the barrier layer 21 of 3 eel Cd0.2 Zn0.8 Se quantum well structure is 
formed on it. 

[0042] Next, on this barrier layer 21, 22 is grown up 0.94 layers of n mold ZnS0.06Se with a thickness of 0.15 micrometers 
by which CI was doped. 

[0043] Next, on this 0.94 layer 22 of n mold ZnS0.06Se, Cd0.5 Zn0.2 Mg0.3 S layer 23 [ with a thickness of 10nm by which 
CI as an etching stop layer was doped ] is grown up. Here, by making the rate of Mg high, band discontinuity is eased and 
an electronic trap is controlled. 

[0044] Next, on n mold Cd0.5 Zn0.2 Mg0.3 S layer 23, it is p mold Zn0.7 Mg0.3 S0.5 Se0.5 with a thickness of 750nm. A 
layer 24 is grown up. 

[0045] Next, it is p mold Zn0.7 Mg0.3 S0.5 Se0.5 like [ after taking out from MBE equipment ] a previous example. It is p 
mold Zn0.7 Mg0.3 S0.5 Se0.5, forming the mask pattern of the strip configuration divided about 3-micrometer gap on a 
layer 24, and using this as a mask A layer 24 is etched. 

[0046] At this time, the etch rate of n mold Cd0.5 Zn0.2 Mg0.3 S layer 23 is p mold Zn0.7 Mg0.3 S0.5 Se0.5. Since it is fully 
later than that of a layer 24, it is p mold Zn0.7 Mg0.3 S0.5 Se0.5. Only a layer 24 is etched alternatively. 
[0047] Next, Zn0.85Mg0.1 5S0.3 Se0.7 by which 25 was grown up 0.94 layers of n mold ZnS0.06Se by which it returned to 
MBE equipment and CI with a thickness of 750nm was doped by the whole surface, and CI with a thickness of 2 
micrometers was doped continuously A layer 26 is grown up. 

[0048] Here, except for the quantum well layer which constitutes a barrier layer 21, lattice matching of the layers was 
carried out [ no ] to the p mold GaAs substrate 15, and the problem of a mismatching rearrangement was produced. 
[0049] According to this example, light can be shut up two-dimensional and a laser property can be improved now. The 
improvement of the laser property which attracts attention most was reduction of the threshold current of laser. 
[0050] Drawing 5 is the sectional view showing the outline configuration of the semiconductor laser equipment of the 
refractive— index guided wave mold concerning the 3rd example of this invention. 

[0051] First, the p mold ZnSe layer 18 is formed from the p mold GaAs substrate 15 like the 2nd example. 
[0052] Next, on the p mold ZnSe layer 18, it is p mold Zn0.7 Mg0.3 S0.5 Se0.5 with a thickness of 2 micrometers as a 
lattice matching layer. A layer 28 and Zn0.85MgO.15S0.3 Se0.7 with a thickness of 1 micrometer Sequential growth of the 
layer 29 is carried out 

[0053] Next, this Zn0.85Mg0.15S0.3 Se0.7 On a layer 29, the barrier layer 30 which has Zn0.85Mg0.15S0.3 Se0.7-ZnSe 
quantum well structure is formed. 

[0054] Next, on this barrier layer 30, it is n mold Zn0.85Mg0.1 5S0.3 Se0.7 with a thickness of 150nm. Sequential growth of 
n mold Cd0.5 Zn0.2 Mg0.3 S layer 32 as a layer 31 and an etching stop layer with a thickness of 10nm by which CI was 
doped is carried out 

[0055] Next, on n mold Cd0.5 Zn0.2 Mg0.3 S layer 32, 33 is grown up 0.65 layers of p mold Cd0.2 Zn0.8 S0.35Se with a 
thickness of 500nm. 0.65 layers of this p mold Cd0.2 Zn0.8 S0.35Se, 33 is carrying out lattice matching to the p mold GaAs 
substrate 15, and has a band gap smaller than the band gap of a barrier layer 30. 

[0056] Next, after taking out from growth equipment 33 is etched alternatively 0.65 layers of p mold Cd0.2 Zn0.8 S0.35Se, 
and the slot of the shape of a stripe with a width efface of 5 micrometers is formed in 33 0.65 layers of p mold Cd0.2 
Zn0.8S0.35Se. 

[0057] Next, it returns to growth equipment and is Zn0.85Mg0.15S0.3 Se0.7 with a thickness of 750nm to the whole 
surface. A layer 34 and Zn0.7 Mg0.3 S0.5 Se0.5 with a thickness of 2 micrometers Sequential growth of the layer 35 is 
carried out Finally the Au~Ti alloy electrodes 10 and 1 1 are formed, and it completes. 

[0058] Thus, it checked that the same effectiveness as a previous example was acquired also with the constituted 
semiconductor laser equipment 

[0059] Drawing 6 is the sectional view showing the outline configuration of the semiconductor laser equipment concerning 
the 4th example of this invention. This is the example which used n moid substrate. 

[0060] n mold Zn0.7 Mg0.3 S0.5 Se0.5 with a thickness of 2 micrometers which will carry out lattice matching on this first 
after growing up the n mold GaAs buffer coat 38 on the n mold GaAs substrate 37 if this is explained according to a 
production process A layer 39 is grown up. 

[0061] Next, n mold Zn0.7 Mg0.3 S0.5 Se0.5 On a layer 39, it is small n mold Zn0.85Mg0.1 5S0.3 Se0.7 of a band gap with a 
thickness of 0.65 micrometers. Sequential growth of a layer 40. then the three Cd0.2 Zn0.8 Se quantum well layers as a 
barrier layer 41 is carried out 

[0062] Next, on this barrier layer 41, it is p mold Zn0.85MgO.15S0.3 Se0.7 with a thickness of 0.15 micrometers. Thin p 
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mold Cd0.5 Zn0.2 Mg0.3 S layer 43 [ with a thickness of 10nm which the layer 42 was grown up, then carried out lattice 
matching as an etching stop layer ] is grown up. 

[0063] This p mold Cd0.5 Zn0.2 Mg0.3 S layer 43 has the concentration [ a little ] (since it is very thin, although there is 
large offset, the effective conduction which lets a layer pass is fully made) of abbreviation 5x1016cm-3 lower than a 
surrounding layer. 

[0064] Next, on p mold Cd0.5 Zn0.2 Mg0.3 S layer 43, it is n mold Zn0.7 Mg0.3 S0.5 Se0.5 of extensive forbidden-band 
width of face with a thickness of 0.5 micrometers. A layer 44 is grown up. 

[0065] Next, after taking out from growth equipment as it mentioned above, it is n mold Zn0.7 Mg0.3 S0.5Se0.5. A layer 44 
is etched alternatively. 

[0066] Next, it returns to growth equipment and is p mold Zn0.85Mg0.15S0.3 Se0.7 with a thickness of 0.5 micrometers to 
the whole surface. A layer 45 is grown up, and it continues and is p mold Zn0.7 Mg0.3 S0.5 Se0.5 of extensive forbidden- 
band width efface with a thickness of 2 micrometers to the whole surface. The layer 46 was grown up. 
[0067] Next, this p mold Zn0.7 Mg0.3 S0.5 Se0.5 In order to take good contact on a layer 46. the high -concentration p 
mold ZnSe layer 47 with a thickness of 0.1 micrometers is grown up. 

[0068] Next, the superlattice contact layer 48 to which the p mold ZnSe layer and p mold ZnTe layer which ease a band 
gap difference, and which are a layer come to lap by turns on this p mold ZnSe layer 47 is grown up. Contact in Au-Pd 
alloy electrode 10a and the p mold ZnSe layer 47 which are formed at a back process by this superlattice contact layer 48 
can be made good. 

[0069] Here, a band gap may use ZnSeTe which changes gradually instead of a superlattice contact layer. Moreover, when 
a p mold GaAs substrate is used, a p mold AIGalnP layer may be used. 

[0070] Finally, after forming the Au-Ti alloy electrode 11 in the superlattice contact layer 48 at Au-Pd alloy electrode 10a 
and the n mold GaAs substrate 37, in order to prevent end-face degradation, a laser end face is covered and it completes. 

[0071] Drawing 7 is the sectional view showing the outline configuration of the semiconductor laser equipment concerning 
the 5th example of this invention. This is also an example using n mold substrate. 

[0072] First, Zn0.85Mg0.15S0.3 Se0.7 with a thickness of 0.4 micrometers after forming the semi-conductor layers 37, 38, 
and 39 like the 4th example A layer 50 is grown up. 

[0073] Next, this ZnO.85MgO.15S0.3 Se0.7 Thin n mold Cd0.5 Zn0.2 Mg0.3S layer 51 and p mold Zn0.7 Mg0.3 S0.5 Se0.5 of 
extensive forbidden-band width of face with a thickness of about 0.6 micrometers with a thickness of 10nm by which CI as 
an etching stop layer was doped on the layer 50 Sequential growth of the layer 52 is carried out. 

[0074] Next, p mold Zn0.7 Mg0.3 S0.5 Se0.5 after taking out from growth equipment Selective etching of the layer 52 is 
carried out, and a stripe-like slot is formed. 

[0075] Next, it returns to growth equipment and is p mold Zn0.7 Mg0.3 S0.5 Se0.5. On a layer 52, it is n mold 
Zn0.85Mg0.15S0.3 Se0/7. The barrier layer 54 and p mold Zn0.85Mg0.15S0.3 Se0.7 with a thickness of 0.65 micrometers 
which consist of a Cd0.2 Zn0.8 Se quantum well layer of 53 or 3 layers Sequential growth of the layer 55 is carried out. 
[0076] Next, this p mold Zn0.85Mg0.15S0.3 Se0.7 On a layer 55, it is p mold Zn0.7 Mg0.3 S0.5 Se0.5 of extensive 
forbidden-band width efface with a thickness of 2 micrometers. After growing up a layer 56, sequential formation of the p 
mold ZnSe layer 47 and the superlattice contact layer 48 is carried out like a previous example on this. 
[0077] Finally, after forming the Au-Ti alloy electrode 11 in the superlattice contact layer 48 at Au-Pd alloy electrode 10a 
and the n mold GaAs substrate 37. in order to prevent end-face degradation, a laser end face is covered and it completes. 

[0078] Thus, when the semiconductor laser equipment of the 4th example was evaluated in the semiconductor laser 
equipment of manufactured this example, and a list it turned out that CW luminescence is carried out at a room 
temperature. Moreover, as shown in the property Fig. of the wavelength-light reinforcement of drawing 8 , it turned out 
that laser oscillation arises in the about 530nm neighborhood. 

[0079] Drawing 9 is the sectional view showing the outline configuration of the semiconductor laser equipment concerning 
the 6th example of this invention. 

[0080] Instead of GaAs. this is the example which used InP as a substrate ingredient. InP — GaAs — comparing — a deep 
valence band — having — thereby — p mold the offset between n-VI group epitaxial semi-conductor layers can be 
decreased — first Sequential growth of the with a 0.2 layer thickness [ of with a 0.45 layer thickness / of p mold 
ZnSe0.55Te with a thickness of 0.1 micrometers which carries out lattice matching mostly on the InP substrate 60 / 0.1 
micrometers in 61 and thickness / p mold Cd0.3 Zn0.7 Se0.8 Te / 0.1 micrometers in 62 and thickness ] p mold Cd0.5 
Zn0.5 Se layer 63 is carried out 

[0081] Next, sequential formation of the p mold Cd0.25Zn0.3 Mg0.45Se layer 64 with a thickness of 2 micrometers which 
carries out lattice matching on this p mold Cd0.5 Zn0.5 Se layer 63, and the p mold Cd0.4 Zn0.45Mg0.15Se layer 65 with a 
thickness of 0.5 micrometers is carried out. 

[0082] Next, the barrier layer 66 which consists of three Cd0.35Zn0.65Se quantum well layers separated by the Cd0.4 
Zn0.45Mg0.15Se barrier layer on this p mold Cd0.4 Zn0.45Mg0.15Se layer 65 is grown up. In contrast with the structure 
mentioned above, tension distortion produces these well layer rather rather than compressive strain for a lattice constant 
with a small Cd0.4Zn0.6 Se layer. 

[0083] On a barrier layer 66, sequential growth of n mold Cd0.7 Mg0.3 S layer 68 as the n mold Cd0.4 Zn0.45Mg0.15Se 
layer 67 with a thickness of 0.15 micrometers and a thin etching stop layer with a thickness of 5nm is carried out. 
[0084] This presentation of n mold Cd0.7 Mg0.3 S layer 68 is the following, and was made and decided. That is, while the 
big band gap was obtained moderately and being able to reduce distortion by the remaining semi-conductor layers, it was 
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decided from a viewpoint whether it can grow up to be the thickness of extent which can be used as an etching stop layer. 
In addition, the thickness of n mold Cd0.7 Mg0.3 S layer 68 may be 10nm. Although a difference of the thickness of this 
layer is not related to the engine performance of equipment, when a stop layer is thick, its CdMgSSe layer is desirable. 
[0085] Next, the p mold Cd0.5 Zn0.5 Se layer 69 with a thickness of 0.5 micrometers which carries out lattice matching on 
n mold CdO.7 Mg0.3 S layer 68 is grown up. As the band gap of this p mold Cd0.5 Zn0.5 Se layer 69 serves as loss guided 
wave structure, it is smaller than the band gap of the above-mentioned quantum well layer. In addition, it is p mold 
Zn0.65Mg0.35Se0.7 Te0.3 instead of the p mold Cd0.5 Zn0.5 Se layer 69. A layer may be used. 

[0086] Next, after taking out from growth equipment, the p mold Cd0.5 Zn0.5 Se layer 69 is etched alternatively, and a 
stripe— like slot is formed. 

[0087] Next, it returned to growth equipment and the whole surface was made to carry out sequential growth of the 
cladding layer of the n mold Cd0.4 ZnO.45MgO.15Se layer 70 with a thickness of 0.5 micrometers and the n mold 
Cd0.25Zn0.3 Mg0.45Se layer 71 with a thickness of 2 micrometers. 

[0088] Finally, the Au-Ti alloy electrodes 11 and 10 are formed, respectively in the p mold InP substrate 60 and the n mold 
Cd0.25Zn0.3 Mg0.45Se layer 71, and it completes in them. 

[0089] Thus, it turned out that it is manufactured, and about 570nm pulse laser luminescence is obtained at a room 
temperature when the semiconductor laser equipment with which the laser end face is not covered is evaluated. 
[0090] Moreover, since it was the structure of a selenium compound system as compared with GaAs more nearly rather 
than the selenium-sulfide compound system for the deep valence band of InP, generally the threshold electrical potential 
difference of the laser of this example was smaller than that of GaAs system laser. 

[0091] Drawing 1 0 is the sectional view showing the outline configuration of the semiconductor laser equipment 
concerning the 7th example of this invention. 

[0092] 101 show the n mold GaAs substrate among drawing. On this n mold GaAs substrate 101 The n mold GaAs buffer 
layer 102, the n mold Zn1-X1CdX1 SY1 Se1-Y1 buffer layer 103, the n mold Zn1-X2CdX2SY2Se1-Y2 cladding layer 104. 
the undopingZn1-X3CdX3SY3Se1-Y3 lightguide layer 105. An undoping Zn1-X4CdX4SY4Se1-Y4 quantum-well layer 106, 
(Barrier layer) the undoping Zn1-X3CdX3SY3Se1 -Y3 lightguide layer 107 and p mold Zn1- sequential formation of the 
X2CdX2SY2Se1-Y2 1st cladding layer 108, and a p mold Zn1-X5CdX5SY5Se1-y5 etching stop and a grid strain relaxation 
layer 1 09 is carried out 

[0093] this etching stop and grid strain relaxation layer 109 top — p mold Zn1- the X2CdX2SY2Se1-Y2 2nd cladding layer 
110, and p mold Zn1-X — it consists of the 1CdX1SY1Se1-Y1 1st cap layer 111 and the 2nd cap layer 112 of p mold 
InGaAIP. and mesa-like stripe geometry is formed for the cross section. 

[0094] Such stripe geometry can be created by carrying out etching removal of except for the part which serves as stripe 
geometry among this cascade screen alternatively, after carrying out sequential growth of the 2nd cladding layer 1 10, the 
1st cap layer 111, and the 2nd cap layer 112. 

[0095] Here, if for example, a hydrochloric-acid system, a sulfuric-acid system, and an ammonia system etching reagent 
are used, etch selectivity of an etching stop and the grid strain relaxation layer 109, and a cladding layer 110 can be 
enlarged enough, and stripe geometry can be formed easily. 

[0096] The n mold Zn1— X6CdX6Se current block layer 1 13 is formed in the flank of stripe geometry. On the 2nd cap layer 

112 of p mold InGaAIP, and the n mold Zn1-X6CdX6Se current block layer 113, the p mold GaAs contact layer 114 is 
formed, and the p lateral electrode AuZnl 16 is formed in this p mold GaAs contact layer 114. Moreover, the n lateral 
electrode AuGel 15 is formed in the n mold GaAs substrate 101. 

[0097] A substrate 101 inclines in the [011] directions from a field (100), and makes an inclination 16 or less degrees here. 
In the presentation of the buffer layer 103, the presentation of 0 <=X1 <=1, 0 <=Y1 <=1, and a cladding layer 104,108,1 10 
sets the presentation of 0 <=X2 <=1, 0 <=Y2 <=1, and the lightguide layer 105,107 to 0 <=X3 <=1 and 0 <=Y3 <=1. And the 
above-mentioned presentation is chosen so that lattice matching may be carried out to the GaAs substrate 101. 
[0098] The presentation of the quantum well layer 106 sets 0 <=X4 <=1, 0 <=Y4 <=1, and thickness to 1-200nm, and the 
number of wells is set to 1-100. 

[0099] Although the presentation of an etching stop and the grid strain relaxation layer 109 can set up the presentation of 
0 <=X5 <=1, 0 <=y5 <=1, and the current block layer 1 13 in 0 <=X6 <=1, lattice matching cannot be carried out to the GaAs 
substrate 101. That there should just be 0.3% or more, even if the stacking fault total amount was not a single crystal, it 
found that it was satisfactory. 

[0100] The multilayer structure which consists of an InGaP layer, an InGaAIP layer, and an InAlP layer is sufficient as the 
2nd cap layer 1 1 2. 

[0101] In impurity doping of each cladding layer, p mold used N as the impurity, and about [ 8x1 01 7cm - ] 3 and n mold 
used CI as the impurity, and made it about [ 7x1 01 7cm - ] three concentration. 
[0102] Thickness of the lightguide layer 105 is set to 5~500nm. 

[0103] Although lattice matching had not been carried out to the GaAs substrate 101. as for the mold Zn1-X6CdX6Se 
current block layer 113, the experiment showed that the rearrangement and defect by grid distortion etc. could be reduced 
by re-growing up on n the etching stop and the grid strain relaxation layer 109 which similarly has not carried out lattice 
matching. And the n mold Zn1-X6CdX6Se current block layer 1 13 works as a current block layer and a light absorption 
layer, and can realize stabilization of the transverse mode. 

[0104] That is, according to this example, lattice matching of the Zn1-X6CdX6Se layer which is the current block layer 

113 is not carried out to the GaAs substrate 101. but if the Zn1-X5CdX5SY5Se1-y5 layer which are an etching stop and 
the grid strain relaxation layer 109 as a substrate is used, the Zn1-X6CdX6Se layer which works as a current block layer 
and a light absorption layer can be grown up. Consequently, the light which emitted light by the barrier layer can be 
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absorbed now, the transverse mode can be stable, and improvement in dependability can be aimed at now. 
[01 05] Drawing 11 is the sectional view showing the outline configuration of the semiconductor laser equipment 
concerning the 9th example of this invention. In drawing 1 1 a p mold GaAs substrate and 202 201 A p mold InGaP buffer 
layer, A p mold InGaAlP middle band gap layer and 204 203 A p mold Zn1~X1CdX1 SY1Se1-Y1 buffer layer, 205 p mold 
Zn1-X2CdX2SY2Se1-Y2 cladding layer. 206 An undoping Zn1-X3CdX3SY3Se1-Y3 lightguide layer, 207 An undoping Zn1- 
X4CdX4SY4Se1-Y4 quantum-well layer, 208 An undoping Zn1-X3CdX3SY3Se1-Y3 lightguide layer, 209 — n mold Zn1- 
X2CdX2SY2Se1-Y2 — the first cladding layer 210 An n mold Zn1-X5CdX5SY5Se1-y5 etching stop and a grid strain 
relaxation layer, 211 — n mold Zn1 -X2CdX2SY2Se1-Y2 — the second cladding layer In 212, an n mold GaAs contact 
layer and 215 show p mold electrode AuZn, and, as for an n mold Zn1-X1CdX1 SY1Se1-Y1 cap layer and 213, 216 shows n 
mold electrode AuGe, as for a p mold Zn1-X6CdX6Se current block layer and 214. 

[O106] Here, a substrate 201 inclines in the [011] directions from a field (100), and an inclination is 16 or less degrees. The 
multilayer structure which consists of a ZnSe layer, an InGaAs layer, and an InGaP layer is sufficient as a buffer layer 202. 

[0107] Moreover, the multilayer structure which consists of an InGaP layer, an InGaAlP layer, and an InAlP layer is 
sufficient as the middle band gap layer 203. 

[0108] The presentations of the buffer layer 204 and the cap layer 212 are 0 <=X1 <=1 and 0 <=Y1 <=1, the presentations 
of a cladding layer 205,209,21 1 are 0 <=X2 <=1 and 0 <=Y2 <=1, and the above-mentioned presentation is chosen so that 
the presentation of the lightguide layer 206,208 may be set to 0 <=X3 <=1 and 0 <=Y3 <=1 and lattice matching may be 
carried out to the GaAs substrate 201 . 

[0109] The presentations of the quantum well layer 207 are 0 <=X4 <=1 and 0 <=Y4 <=1, thickness is set to 1-200nm, and 
the number of wells is set to 1 -100. 

[0110] The presentations of an etching stop and the grid strain relaxation layer 210 are 0 <=X5 <=1 and 0 <=Y5 <=1, and 
the presentation of the current block layer 213 is 0 <=X6 <=1. Although lattice matching of an etching stop and the grid 
strain relaxation layer 210, and the current block layer 213 had not been carried out to the GaAs substrate 101, even if 
the stacking fault total amount was not a single crystal, it found that it was satisfactory that there should just be 0.3% or 
more. 

[0111] In impurity doping of each cladding layer, p mold uses N as an impurity, and about [ 8x1 01 7cm - ] 3 and n mold use 
CI as an impurity, and make it about [ 7x101 7cm - ] three concentration. 
[0112] The thickness of the lightguide layer 205,208 is 5-500nm. 

[0113] Etch selectivity of an etching stop and the grid strain relaxation layer 210, and a cladding layer 211 is highly made 
like a previous example by using a hydrochloric-acid system, a sulfuric-acid system, and an ammonia system etching 
reagent 

[01 14] The rearrangement and defect by grid distortion etc. can be reduced by re-growing up on the etching stop and the 
grid strain relaxation layer 210 which similarly has not carried out lattice matching similarly [ in this example / previous ] 
although the current block layer 213 has not carried out lattice matching to the GaAs substrate 201, the current block 
layer 213 which works as a current block layer and a light absorption layer can be formed, and stabilization of the 
transverse mode can be attained. Moreover, p mold electrode 215 may be formed on the buffer layer 202 or the middle 
band gap layer 203. 

[0115] In addition, the 7th and 8th example deformed as follows, and can be carried out. That is, CdZnS, ZnSTe, and 
ZnMgSSe may be used as an ingredient of a cladding layer, or CdZnS and ZnSTe may be used as an ingredient of a 
lightguide layer. Moreover, a current block layer may be used as n mold or a half-insulation mold, or ingredients, such as 
the m-V group compound semiconductor and germanium of an ingredient with the thermal resistance of n— VI group 
compound semiconductors, such as CdS, CdSe, ZnTe, and ZnS, small as an ingredient and n mold, and Si, may be used. 
Moreover, even if a current block layer is not necessarily a single crystal, it can fully absorb luminescence of a barrier 
layer, and the same effectiveness as the 7th and 8th example is acquired. 

[0116] In addition, although the above-mentioned example explained semiconductor laser, this invention is applicable also 
to semiconductor devices other than other optical semiconductor devices, such as LED, and optical semiconductor 
devices, such as a bipolar transistor. 
[01 1 7] 

[Effect of the Invention] As explained in full detail above, according to this invention, by using Cdw Znx Mg1-w~x SylSel- 
y1 layer as a Cds Znt Mg1-s-t Sy2Seu Te1-y2-u layer substrate In case Cds Znt Mg1-s-t Sy2Seu Te1-y2-u layer is 
etched It has the structure which could prevent that the layer below Cdw Znx Mg1-w-x Sy1Se1-y1 layer was etched, and 
was not conventionally acquired in it. The semiconductor device of an II— VI group compound semiconductor system comes 
to be obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 1st 
example of this invention 

[Drawing 2] The sectional view showing the outline configuration of conventional semiconductor laser equipment 
[Drawing 3] The property Fig. showing the current dependency of the optical reinforcement of the semiconductor laser 
equipment of the former and this invention 

[Drawing 4] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 2nd 
example of this invention 

[Drawing 5] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 3rd 
example of this invention 

[Drawing 6] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 4th 
example of this invention 

[Drawing 7] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 5th 
example of this invention 

[Drawing 8] The property Fig. showing the wavelength dependency of the optical reinforcement of the semiconductor laser 
equipment of drawing 7 

[Drawing 9] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 6th 
example of this invention 

[Drawi ng 10] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 
7th example of this invention 

[Drawing 11] The sectional view showing the outline configuration of the semiconductor laser equipment concerning the 
8th example of this invention 
[Description of Notations] 

1 [ — A p mold ZnSe layer, 5 / — A barrier layer, 6 / — An n mold ZnSe layer, 7 / — A ZnS layer, 8 / — A p mold ZnSe 
layer, 9 / — 10 An n mold ZnSe layer, 11/ — Au-Ti alloy electrode ] — A p mold GaAs substrate, 2 — A p mold InGaAs 
layer, 3 — A p mold InGaAlP layer, 4 

101 — An n mold GaAs substrate, 102 — An h mold GaAs buffer layer, 103 — n mold Zn1-X1CdX1SY1Se1-Y1 buffer 
layer, 104 — n mold Zn1-X2CdX2SY2Se1-Y2 cladding layer, 105 — Undoping Zn1-X3CdX3SY3Se1-Y3 lightguide layer, 
106 — Undoping Zn1-X4CdX4SY4Se1-Y4 quantum-well layer (barrier layer), 107 — Undoping Zn1-X3CdX3SY3Se1-Y3 
lightguide layer, 108 — p mold Zn1-X2CdX2SY2Se1-Y2 — the 1st cladding layer 109 — A p mold Zn1-X5CdX5SY5Se1-y5 
etching stop and a grid strain relaxation layer. 110 — p mold Zn1-X2CdX2SY2Se1-Y2 — the 2nd cladding layer 111 — p 
mold Znl-X — the 1CdX1 SY1 Se1-Y1 1st cap layer — 112 [ — n mold electrode AuGe, 116 / — p lateral electrode 
AuZn ] — The 2nd cap layer of p mold InGaAlP, 113 — An n mold Zn1-X6CdX6Se current block layer, 114 — A p mold 
GaAs contact layer, 115 
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[0 0 3 4] H©H3*5, *5I^COm«t-^5fiS#tt 

[0 0 3 5] rntegll <D¥«ft:U— IfSW 
G>«^ ZnSel8tniZnSeI9i:i:ci:0*iS 

®£\ Au-Ti 1 2*6ffiAan&t«»X 

50 h^-f ^OB^rl6j^S0»bTL*5^6T*S. 
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5 

[ 0 0 3 6] JgtC, ^mmo^ifi 

[0 0 3 7] ±CftJfc«Ttt, fSttJR 5 «DP»fiJI, fc£ 

Dt(C#^ftg4, 6, 8tlTZnSeMI^ 

[0 0 3 8] £ Xy?>ifXhy^Btl/T© 
)PS2n-mOZnS)B7©ftbDi:, S^lOnmOZ 
nSo.3 Seo.7 fcttjfibft. 5 &*MMfc If 

[0 0 3 9] H4H *«KO*2©SaB«lC«S*» 

[0040] c*it«ijp:fic«^BW!-r*t, sr, 

plGaAsMl 5±tC, pSGaAsll6, Ga 
A s tZfo^m-S-r&vWl InGaAI PatDAU irM 

/*U-WW>JBtLT0>J*SO. Um<D#^pIZnS 
eil8, Ga A s 2 /imCE>pS!Z 

no. 85 Mgo. is So. 3 Seo.? JB 1 9 £JB2fcjEfcfi£li- 

-So 

[0 0 4 1] »:^OplZno. 85 Mgo.i 5 So.3 Se 
0.7 »19_tfc, pffi%;tf>f KJBtLTOff* 1 urn© 
ZnSo.oe Seo. 94^2 0 £*j5£l,fc«, -£C9_Lf;: 3 
^Cdo. 2 Zno.s S e ft^#FSIii<Z>?£ttJf 2 1 

[0 0 4 2] *t:co)ffitti2i±t:, ci#H-^s 

n^iiP^O. 1 5/zra(Z)niZnSo.o6 Seo. 9< I22 

[0 0 4 3] *l:^©naZnSo.o6Seo.HB22± 

JP£ 1 0 nmCOCdo. s Zno.a Mgo.3 SB23&J& 
fi£^5o CCT, Mga>M**K<-r*;itK:J;i3, 

[0 044] ^t:nSCdo. 5 Zn 0 . 2 Mgo.s S12 
3±iC* i$7 SOnmOpSZno.? Mgo.3 So.s 
Seo. 5 I2 4^g$t^. 

[0 0 4 5] Skl:MBE81*6«0aLfcft 5feCOH 
JtWtWRK. pIZno.? Mgo.s So. s Seo. 5 JS 
2 4±iC, 3 /i 1 7 5hfcX h U y 

no. 7 Mgo.3 So.s Seo. b |2 4$l7f>^t 

•So 

[0 04 6] COt*. niCdo.5 Zno.z Mgo.s 
S12 3©X:yf>^iSH piZno.r Mgo.3 S 



(4) 2 0 2 3 4 6 

0.5 Seo. 5 «2 4©-tn«fcDt>+»JCil^«>ir, p^! 
Zno.7 Mgo.s So. 6 Seo. 5 IB 2 4 

[0 0 4 7] *fc:MBEg«fcKU £HE::@£7 5 0 
nmCDC l^H-^nfcnlZnSo.oe Seo. 94^2 
5£]«fi£l*\ mifX, JP£ 2 um(DC 1 j&* K— 
fcZno.uMgo.uSo.s Seer 126 

[0 0 4 8] £ ut, SttS 2 1 £#tj£f £g^#FJf 
SR^T, iTOBttplGaAsISl 5 \Zte=Fm& 

[0 0 4 9] **««tr<fcntf, #£2&7cMtcffiU& 

[0 0 5 0] m 5 tt, *%^©m 3 ©^JBWfcflSSJBSr 

[0 0 5 1] $t\ »2©*i6«tW«^ pIGaA 

[0 0 5 2] *i:plZnSeBl8±l:, «f«§)B 

tlm H$2/im^piZno.7 Mgo.3 So.s S 
eo.s 12 8^ //mOZno.BsMgo.uSo.s S 

eo.7 S2 9 SW^JEJEfiSlirS. 

[0 0 5 3] *t:COZno. 8s Mgo.i E So. 3 Seo? 
B29±tC, Z no. a 5 Mgo. is So. s Seo.? -ZnS 
eI^#Fi®^tt^Sttl 3 0 SJMWa. 

[0 0 5 4] *£;:<Z>igteJB3 0_LtC, JP£ 1 5 0 nm 
CDnSZ no. ssMgo. is So. 3 Seo.7 B31. Cl*t 
30 F— ^Stl&ffS 1 Onm(DX7f>^fy/i(!:L 
T©nICdo.5 Zno.2 Mgo.s SB3 2^fiiMi 

[0 0 5 5] ^CtCn^Cdo.s Zno.2 Mgo.s SJ13 
21H, H$5 0 0nm©plCdo.2 Zno.s So.ss 
Seo.65i3 3MS$t^„ u(Z)pICdo. 2 Zn 
o.e So.3GSeo.6sB33tl plGaAsSffiHt 

[0 0 5 6] SBtDtHU&Bk pICd 

40 0.2 Zno.a So. as S eo. 6&B3 3 61R65l;Xy3 1 > 

B5(tmOXhM^R©»SpaCdo.2 Zn 

o.e So. ssSeo. 65133 l£7#j£T£>o 

[0 0 5 7] *l:tffi»W:Hl/» ^ffit*iP^7 5 0n 
mCDZ no. ssMgo. 15 So. 3 Seo.7 134, f$2|i 
mCDZno.7 Mgo.s So.e Seo.s Jl 3 5 Srjp^JBftg 
$1*5o Au - T i -&&«ffi 1 0, 11 

[0 0 5 8] £ CD £ 3 \Zffif& £ tltz¥m>& If gfiT 

feft©si»«tw«ad»«3&«»6ns(DfeaBu?t P 

50 [0 0 5 9] 16«, *KWO»4CDHlS|a|tC«S4 i « 
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7 

[0 0 6 0] JinsttiSXfiJcft^BMIirsfc* £T> 
nIGaAsM3 7±CnlGaA sl®l3 8 £j£ 
fiSltJfcfk CO-tdteTS^rsj? a 2 umCDn^Z 
no. 7 Mgo.3 So. 5 Seo.B ©3 9 £rJ5&J| 

[0 0 6 1] *l:nIZno.7 Mgo.s So.s Seo.s 
Jf3 9Jtf::, JP£0. 6 5 wm<£A>F^^:/<Z)/h2 
^nlZno.BBMgo.isSo.s Seo.? 140, J^V> 
m&f£4 1 LlsT<D3~D<DCdo.2 Zno.s Sel 

^#FB CIKkAft £ * S . 

[0 0 6 2] ^(C^(DfSttffl4 1±[C. m$ 0. 15fi 
mCDp^Z no. asMgo. is So. 3 Seo. 7 S 4 2 

L/fci$10nm£0»HpiCdo,5 Zn 0 . 2 Mgo.s 

si4 3 sjassaii-s. 

[0 0 6 3] £CDp!!Cdo.6 Zno.2 Mgo.3 S|g4 
3Mu «H©JB±D^tel*»5 x 1 O 16 cm- 3 ©8g 

So 

[0 0 6 4] *ICp^Cdo. 5 Zno.2 Mgo.s SB4 
3 ±\Z, I$0. 5 um<DB:mM&m<DiiMZ no. 7 M 
go. 3 So. 6 Seo.E Jg4 4£js&g£ J &So 

[0065] jfc»c«fis**6Btoab&a, fftmirtz 

<t^l:niZno. 7 Mgo.3 So.sSeo.s @44%1 

[0 0 6 6] *fclKfiK«l;:KU ^MtCiSaO. 5*z 
mCOpSiZno.asMgo.is So.a Seo.? Ji45£]5£:B 

no. 7 Mgo.s So. 5 Seo. 5 g4 6 £rJ5£fi£1*;£:o 

[0 0 6 7] ^tCCCOp^/Zno.7 Mgo.s So. 5 Se 
0.5 Jg4 6±lC, &ft13in>9t7 h&as&a&l;:, 
0. 1 /imOli8S(5piZ nSei47 

So 

[0 0 6 8] *i:^(0pSZnSel4 7_kfc, A> H 
^^y^HfeKa-r^JBTffcSpfflZ nSelipfZ 
nTel (h3^SJSfc«&o T&Sj@*&T:3 >?&bm4 
8 <£fi£;&$1±So ^CDjg^n>^^ M4 8 K^oT 
SlgtMTSAu • P d-&&««l 0 atplZn 
Se|4 TfcOn^^hft&iffcT**. 

[0 0 6 9] C^T> Wfett>99 hm<Dftt)Q\Zrt 
> H^-v y fc^toS ZnSeTe^l ^T*>& 

^« pSG a A s SSSl^ft*^IClt piA 

1 G a I n P HSffl^Tfc&H. 

[0070] mmz. mfe^>?& h»4 s^au • 

Pd&MHOa, niGaAsS«3 7tCAu-T 
[0 0 7 1] 0 7 te, **9HcoiB5©S61B«tC«IS^« 



(5) 4#BB¥7-2 0 2 3 4 6 

[0 0 7 2] *t\ »4©*K«£H«fc, *8fti3 
7, 3 8, 3 9**ricbfc«, JPS 0. 4*im<Z)Zn 
" o.8sMgo.iG So. a Seo. 7 Hi 5 0 ^JiKJfcc^So 

[0 0 7 3] ^ICuOZno.seMgo.uSo.s Seo.? 
g5 0±tr, X 7 f h ^ ^1 d: IT© C 1 ^ 

^nfcf $ 1 0 nm^)»VinICdo. e Zno.2 Mg 

0.3 sjBs 1, ps»o. 6 tim<D&mm&m<Dv>mz 

10 no. 7 Mgo.s So. 5 Seo.B Jf 5 2 £J®#;j£g£it 

So 

[0 0 7 4] &fcjSfi8«J&>S»0ffiU&«, p§[Zn 
0.7 Mgo.s So. 5 Seo. 5 ^52^S^X^y5 1 >^ 

[0 0 7 5] ^tC/SSSMtCHUT* pSZno. 7 Mg 
0.3 So. 5 Seo. s IS5 2_btC> nlZno.seMgo.is 
So. s Seo. 7 B53, =OCOCdo.2 Zno.s Sel 
f#Pl^e»^^ffifti5 4, H$0. 6 5^m0pi 
Zno.ssMgo.iB So. s Seo. 7 J| 5 5 £JO*J56fiS1* 
20 So 

[0 0 7 6] ^"©plZno.ssMgo.uSo.s Se 

0.7 ^5 5±tc, 2 tim(D&&Mmm<Dvmz n 

0.7 Mgo.s So. 5 Seo. 5 M 5 6 fctiZ-SkcSltfcm* C 
<D±\Zjfc(Dnm0ti:mmz+ pSZnSe|47, i» 

[0 0 7 7] a«f3>*J Mi 4 8{CAu • 

Pd&MSlOa, n!GaAsSfi3 7 \ZAu • T 

(CI/- tfJBffi TSSJEfcT S o 

30 [0 0 7 8] 21©«t5^bTltifiSn&**Jfi«©** 
if$at, M«fc»4(DSgl(S«© i f £ W*U-1f*« 

#55 3 0 nm©#ift^l^— ifSSfi^US^t^^o 

[0 0 7 9] H9tt, **W©*6©*J6«fcflRS*<| 
#1/— 1f»«0«Wf«flE*^-rilrffiH'Trft So 

[0 0 8 0] ZtllzmfottntLTGaAsORfrr) 
iZ, InPSfflVifcflrftS, InPttGaAsdjt^ 

47 T«viflr«?ws»*, ^nc<tt)> pi II-VlKxtf 

SI*. I nPSfi6 0±\Z. t2&teT&&*f SJPSO. 
1 MirKDpSIZn Seo.55Teo.45l6 1, JP£ 0. 1 
MmOpSCdo.3 Zno.? Seoj Te«.2|62, 
JPSO. 1 ^m©pSC do . s Zno. 5 SeI63^|g 
^££S$-frSo 

[0 0 8 1] *l:u©piCdo.6 Zno. s SeB63 
±\Z* fefl&t^ 2 Mm^plCdo.25 Zno.s 
Mgo. as S e^6 4. JP£ 0. 5umOpICdo.4 Z 
50 no.45Mgo.15 S eH6 5 ftlKfcJWfcTS. 
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(6) 

9 

[0 0 8 2] Zno.AsMgo.is S 

ej§65-htc, Cdo.< Z no. <s M go. ie S efSgjgliT 
^i$n/iE^^C do. 35 Zno.65 S eif#FI^e) 

[0 0 8 3] &H$J|6 6±K, J¥£ 0. 15^m©ni 
Cdo.-i Zno.<5Mgo.i6Sei6 7, H^BnmOS 
ViX^^>^XH^^Ii:LT©naCdfl.7 Mgo.s 10 
S168 SJH*J5KfiS1i--S. 

[0 0 8 4] £CDnSlCdo.7 Mgc.s Sf6 8cr)M 

fc. nICdo. ? Mgo.a SS6 8CD»St4, 1 

ffifcttMWUfcua*. xhy7m&m^m&. cdMg 

[0 0 8 5] Mgo.s SI6 81I:, 

tfrT-ft&^^Jf 3 0. 5^mCDp§gCdo.s Zno.s S 
ei6 9 SrjEKS^it^o ^COpICdo.s Zno.s Se 

TV>5. fc*, pMCdo.5 Zno.s Se|g6 9CDftb 
Dfc, pIZno.66Mgo.35Seo.7 Teo.s 

[0 0 8 6] &Kl«figlB#&*DfflLfc«, pICd 
o.5 Zno.s S ei6 9 £S^WtCXy5 1 >^L'T, X 

[0 0 8 7] #CfcJ«;ftfflBK:Bil,T, :£ffitC/P$0. 5 
Mm©nSCdo.4 Zno.45Mgo.isSeg70, JP£ 
2/imCDnSCdo.2 S Zno.s Mgo.45 S eI7 1<D£? 

[0 0 8 8] g^lC, pSlnPlg60, nSCd 
0. 25 Z no. 3 M go. 45 S eS 7 1 \Z, -t-*H?*U Au • 
T i 11, 10 SKWT^tiE-T 

[0089] c<D^o\zLxmm^n. u—ifffim&& 

[0 0 9 0] Sfc, GaAstJfcKttlnPOBVitf 

[0 0 9 1] E310H *^C0^7<D^JS*?!I^^>^ 

[0 0 9 2] 0^ 1 0 lttniGaAslfi^LT 50 



#BH¥7- 2 0 2 3 4 6 

10 

C^nSGaAslfilOUKtt, nIGaA 
sA^7T"H0 2, niZni-iiCdnSiiSe 
i-ti/^77-1 1 0 3, niZni-12 Cd X2 St 2 S e 
i-i2^77Hil 0 4, 7>H-^Zrn-nCdi3 Sy 3 
Sei-y 8 ^H1105, 7>F-^Zni-i4Cdi4 
S T 4 S ei-!4*^#FJB 10 6, 7>F-y 

Znt-uCdxsSnSei-njt^Kil 07, p^Z 
ni-i2CdnSnSei-T2^1^7y KI10 8, p^l 
Zni-is Cdis Sys S ei- y BXyf>yx hy^- 

swwwbi o 9#ji&*jGsanT^s. 

[0 0 9 3] ~<D^y^>#7,Yy7 -te^Ztmum 
1 0 9±l:H pfZni-i2Cdi2ST2Sei-T2^2^ 
7«>HI1 10, plZni-nCdiiSuSei-nSl 
tty^Blll, pfInGaAlPS2^t'^i 

[0 0 9 4] £(D±3&X h^-f 2 
HI110, fl+t^yilll, S2^7/ll 

[0 0 9 5] ^^T, «Alt 

1 0 9W^yHll 1 OiOXy^ 

[0 0 9 6] X h7^f ^WiiOffllSBfcttnfflZ ih-ib C 
die S e tK7o?/*a 1 1 3OTRjft$nW5. p^ 
InGaAlPl2tt^I112, nSZin-uC 
di«Setg^ny^IH3±{:H piGaAs^ 
>*^H1 14#»jJSn, u©pIGaAs^>^ 
*hJB114fctt. p«WAuZnll6*tR»6n 
TV>*. niGaAsSfilOlKIt nfiiJ^Si 

AuGell 5**8»t&ftTl*S. 
[0 0 9 7] Cut, Sffi 1 0 1 »4 (1 0 0) H*>& 
[0 11] U 6]£KTfcU /t* 

7r-Bi0 3M*lio^xi^i, 0SY1S1, 
?7yP11 0 4, 1 0 8, 1 1 0<DU8L\tO ^X2^ 
1, 0^Y2^1, HB1 0 5, 107<DMmZ 

0^Y3^1tU l^GaAsMl 

0 1 fc» j fsi^'r«ck'5tc±iaart6sa^. 

[0 0 9 8] f T#F1 1 0 6<Z>»jGEttO£X4£ 1, 
0^Y4Sh J?££l-2 0 0 nmtU #Fftli 1 

-1 0 ott§. 

[0 0 9 9] X7f>^Xhy^«ft^lftilO 
9<£>*&JE&fcl0^X5^1, 0^y5Sh iK^Dyj7 

in aomajaEttosxe^KoWHTftts-r**^ 

G a A s 10 1 SCte^&^-GrS £ fcHrcS&U. 
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(7) 

11 

[0 1 0 03 »2*ty^il 12ttInGaPI, I 
nGaAlPl, I nA 1 Pl*6ftS*IMfitn* 

[0 10 1] QZ'yy Ym<TttffltoY—\L>9\%, mfL 
pI^N^iKb8xlO t7 cm- j m nm 
teC 1 7 X10 U cm-"8«©«flEtU 

[0 1 0 2] 3K»-f FBI 0 5 0)JSStt5*-5 0 0 nm 

CO 10 3] nSZni.HCdisSeiSI^Dy^il 10 
1 3 f4G a A s Sffi 10 1 Klft^JS^LT^fct^ R 

SlDJIl 0 9±tHj5Efi-rseiiT?» : F2**fc±se 

nIZ ni-iB Cdi6 S e«8t>^Dy^JB 1 1 3 teu 

[o 1 0 4] r *soB«fc<tntt, mmrfuy 

9 Ml 1 ST^Zni-ieCd^Sei^GaAsSt 

10 1 fc Ufc^tf*, T»ibTXy?>^Xh ^ 
y ^ ' I6-T-2WHSIB 1 0 9T*5Ziimb Cdis Sis 

<t L/TflB< Zni-uCduS e Jf £j&:B£1*<5 £ <£#*T 

[0105] aim, &¥zm<Dm9<Dnmm\zmz>¥ 

mftls— if K«©«IK«lfiE&^i-»fMHl?*S. H 1 1 
tC*5ViT, 2 0 1 tep!@G a A sM, 2 0 2lipSl 
nGaPAy7r-H» 2 0 3tipil nGaA 1 J0 
IB/^F^*^** 2 0 4ttpaZm-n Cdn Sti 
S ei-nAy77-@, 2 0 SftpSZni-ii CdnS 
iiSei-T2j7y HB, 2 0 6 tt7>F— 7Z ni-nC 
dis St 3 S ei-Ts3ttif-f FJ§> 2 0 7«7>h-^Zn 
i-i4 Cdi4 Sy^ S ei-Y4*^p#F®, 2 0 8147 >F— 

rii-isCdnSnS ei-isJC^f-f FB. 2 0 9 tin 
S!Z m-ia C dia Sy 2 S ei-T2S- FB* 2 10 
ttnfflZ iii-i6 Cdis St 5 S ei- y6 X7f Fy:/ 
• te^^^SfPJi* 2 1 1 ttnlZm-ia Cdi 2 St 2 S 
ei-»2»— #5:y FB* 2 12ttnIZni-nCdnS 40 
ii S ei-n*t y*9M* 2 l 3 ttpigZ ni-ie C die S 
etiS^D^^i, 2 1 4linIGaAs u>9 9 F 

2 15fipIilAuZn, 2 16ttnIflAu 
Ge^lt^o 

[0106] M2 oifi (i o o) 

[oil] ^faicfiii&u M^tii 6gKTts^c A 

•y77@2 0 2H ZnSel, InGaAsE In 
G aPJH*^6a:S#Jl«Ht"t?t>*teS:^. 
[0 10 7] 1>B;t>H*ty^i2 0 3ttIn 

GaPE InGaAlPl, InAlPB^Sft-S* 50 



7-202346 

12 

B*ieT*>*>S;bfcv>. 

[0 10 8] A f ^7 7-I2 0 4 fc^^^B 2 1 2 CO 
ttj£t40£Xl£l« O^Yl^lT&O, *7yHi 
2 0 5, 2 0 9, 2 1 KOjISftJEKtt 0^Y 
2S1T*0. 3t^H12 0 6 f 2 0 8©JBjBKttOS 
0^Y3^1 tU !^GaAsM2 0 1 

[0 10 9] M^#FB2 0 7Ofiflctt0SX4Sl, 
0^Y4^1T*t3, JIS$l-2 0 0 nmtU #F 

jRti 1-100 ^-rsc 

[0 110] X ^ f >^X N 7 ^ • ^I^gftl 2 1 
0©JfljEfctt0£X5£l* 0^Y5^1T»0> 
Oy?l2 1 3©fi«ttO^X6^1T*5. Xyf> 

97sYv7 -*^«*«BiB2 l 0, M^n y ^l2 
1 31JGaAsiftl 0 1 tKffS&l/Wa^ t& 
^SEfi-MttO. 3#EUt**l«:*<* i«eft-Cfc<T 

- t36t»36^o fee 
[0 111] FJf O^&GfeF— tf>iftt, #J;L 

pitJNWW%i:L8xl0 17 cm- s 8E nS! 
teC 1 7 x l 0 17 cm- 3 @^CDig^<hT 

[0 112] FB2 0 5,2 0 8 0>J|t$t45~5 

0 0 nmTSS. 

[0 113] Xy^>9X hv9 - » J PS*iSSlB2 1 
0 FB2 1 1 i<DXy^>^B«Jfctt, 5feC0* 

*«tra«»C, *«^a«R^7>*X7*Xy^> 

[0 114] *9OB«0>«£-6. fta>«««i:H«K, 
tiyny^l2 1 3HGaAsSfi2 0 1 Ute^SE^ 
LT^^Vi^ HD<*^lE^LT^&^Xy3 L >^X 

f y y • ^s^aaB 210 ±icBj5£fi-r 5 c t-c* 

<i:jt8ft'KBiLT«<««yny^B2 1 3 

W^E— F«>ft)eft;**Hn«. pitg2 1 5 

»4, 7ty77B2 0 2^4>RJJ/\*>F3^!y7 P Jl2 0 3 _h 

[0 115] »7, JB8(DSaiflfij«aToJ:3fc 

TCdZnS, ZnSTe, ZnMgSSe^ffll^; 
0, *^HI^fltlTCdZnS, ZnSTe£ 

\ZVtcDs ffitLTCdS, CdSe, ZnTe, Z 

^ nSJcoiII -VJRfb'&*¥W#'^Ge^S i ^C0«- 

[0116] a*. ±mmffim-e\$¥m&u-~*f\z~z>^ 
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(8) 



#58^7-2 0 2 3 4 6 



13 

[0 117] 

d. Zrit Mgi-.-i S y2 Se D Tei-, 2 -oiOTii: 
LTCdt Z n, Mgi-,-, Syi S ei- y i I^fflV^^ 
<htciO, Cd 3 Zni Mgi-,-t S y2 Seu Te 
i-ya-oS^Xy^^^'I'^SRtc:, Cd, Zni Mg 
i-w-x Syi S e 1 -,iJBctDTOJB**Xyg i >ifsn*o 

[0ffi<Dffi*&IfcHj3] 

[0 1 1 *5£0JcDSg 1 ©*Jfi««c«5¥SI«:V— !fSiK 



[04] *»^<0*2©*«WtC«S4 £ *#V--ifft« 
[0 5] *»9i©»3«)S61ft«tC«S¥»«:V— 



[06] *»§8©*4©^«JC«S**#l<--1fS« 
CD«i5§«j££^*r»r®0 
[0 7] *»98<Z)»5©Saft«t«S¥aifl:^— if^B 

[0 8] H 7 O^Ift U-lf SgCD3t3*«CD^Sfe#tt 
£^r*H$0 



i0 



i4 



[0 9] *5g^om6 0SliEt?Utz«^^tf^-ifSe 
cD*PS«j££^TSrM0 

[011] *5EK0)*8©Sj 

1-pIGaAsiK, 2 — 
pilnGaAl PI, 4- 
IB. 6-nSZnSel, 7 
Sei, 9-nSZnSel 



pSInGaAsi, 3 — 
pSZnSei, 5-gtt 
— ZnSJB* 8-pSZn 
> 10, 11 — Au • T i 



1 0 1-niGaA sSfi, 1 0 

7 T—B. 1 03-nfiZni-iiCdnSTi Sei-uA' 
yyr—M. 1 04"*nlZni-nCdi2Si2Sei-T2 
Z^v KB, 1 0 5-7>H— ^Zm-is Cdxa St* S 
ei-!sW KB, 1 0 6-T>H— y Zni -i4 Cdn 
S 1 4 S e i - 1 4 (SttB) , 10 7-7>P- 

:/Z ni-xs Cdxs St a S ei-iB^^K KB, 1 0 8 — p 
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